Background-Global DNA hypomethylation has been found in the premalignant stages of some neoplasms and has been implicated as an important factor for tumour progression. Aims-The aim of this study was to evaluate whether DNA hypomethylation occurs during the process of gastric carcinogenesis. Methods-Gastric specimens were obtained from 49 
According to previous epidemiological and morphological studies, the intestinal type of gastric cancer is preceded by a series of precursor lesions -namely, superficial gastritis, chronic gastritis, atrophy, intestinal metaplasia, dysplasia, intramucosal carcinoma, and invasion.'1 However, both chronic atrophic gastritis and intestinal metaplasia are significantly age related and extremely common in the older age groups, both in benign and malignant conditions, which may limit its predictive value as an indicator of risk. This has prompted a number of studies aimed at identifying other phenotypic markers of risk that may help to recognise subgroups of patients at increased risk who could then be included in surveillance and chemoprophylactic programmes. These studies found that severe atrophy and incomplete type III intestinal metaplasia are strongly associated with intestinal type gastric cancer. 8 10 This model of gastric carcinogenesis in which the mucosa evolves through a series of sequential changes, is extremely useful to study genetic or epigenetic phenomena, which may occur at several stages of tumour development and which may also serve as intermediate biomarkers. Similar to colorectal carcinogenesis, several genetic events have been described in this sequence of premalignant changes,"1 12 although the exact order in which they occur is still debatable. Allelic deletions of APC/ MCC and p53 tumour suppressor genes, as well as mutations of K-ras proto-oncogene, or amplification of c-erbB-2 oncogene, are among the most commonly described events. 3"15
Alterations in DNA methylation patterns are known to precede the development of a wide variety of human and animal cancers'624 and have not been previously studied in gastric carcinogenesis. Both global hypomethylation and regional hypermethylation may occur simultaneously during various stages of tumour [25] [26] [27] [28] progression.
Potential mechanisms whereby dysregulation of DNA methylation patterns may promote malignant transformation include altered gene expression, increased rate of mutations secondary to deamination of 5-methylcytosine, or alterations in DNA conformation and chromatin structure.29 3
The aims of this study were to examine a possible relation between global DNA methylation level and the histological changes that have been identified as precursors of the intestinal type of gastric carcinoma.
Methods

Patients
The study was approved by the ethics and scientific committee of our Institution.
Thirty In patients submitted to upper endoscopy, gastric biopsy specimens were taken as follows: a minimum of two from the antrum (midportion of antral lesser and greater curvatures), one from the transition zone, and at least one from the body, midanterior wall. Most of the time additional specimens were taken and any macroscopically identifiable lesions were biopsied. Four to five biopsy specimens were also taken from the antrum, frozen in liquid nitrogen, and kept at -70°C for later assessment of DNA methylation. In patients with gastric cancer submitted to surgery, two fragments of 5 mm each were sectioned from the surgical specimen at the time of operation (from neoplastic and non-neoplastic mucosa), immediately frozen in liquid nitrogen, and stored at -70°C for DNA extraction. All biopsy and surgical specimens were fixed in 10% formalin, embedded in paraffin wax, and stained with haematoxylin and eosin. Special stainings for Helicobacter pylori detection were not used. The non-neoplastic mucosa was classified according to Correa Values in parentheses are % unless otherwise stated.
Differences in the extent of in vivo DNA methylation were determined by analysing DNA methyl accepting capacity in the presence of (3H) S-adenosylmethionine and Sssl methylase.39 Briefly 2 ,ug of DNA were incubated with 5 puCi (3H)-methyl-S-adenosylmethionine((3H)-SAM, 3-10 mCi mmol, Amersham, UK) and four units Sssl methylase (New England Biolabs, Beverly, MA, USA) in 20:1 methylation buffer containing 5 mM sodium chloride, 10 mM TRIS, 10 mM EDTA, and 1 mM dithiothreitol, pH 8.0 for three hours at 37°C. The reaction was stopped by incubating at 65°C for 20 minutes. The incubation mixtures were washed onto disks of Whatman DE-8 1 paper (Fisher Scientific, Springfield, NJ, USA) and then soaked in 50 ml of 5% dibasic sodium phosphate. After drying, the radioactivity of the DNA retained in the discs was measured by scintillation counting. All measurements were done in duplicate. The manner in which this assay is performed produces a reciprocal relation between the endogenous DNA methylation status and the exogenous (3H)-methyl incorporation. Therefore, a higher incorporation of (3H) methyl groups into DNA reflects a lower state of intrinsic methylation. Sssl methylase is a bacterial DNA methyltransferase that specifically catalyses the transfer of methyl groups from S-adenosylmethionine to cytosine residues in the cytosine-guanine doublet. In this regard, it shares the specificity of eukariotic DNA methyltransferase.
Statistical analysis Differences among groups were tested by one way analysis of variance (ANOVA). Association between variables was assessed by regression analysis. Differences between proportions were determined using the x2 test. Results are presented as mean (SEM). All tests are bilateral and the significance level was set at 5%.
Results
According to histological classification, 10 patients were considered normal, 14 were classified as having superficial gastritis, and 15 as having chronic atrophic gastritis. The Table  shows the degree of activity, atrophy, and the prevalence of H pylori infection in specimens from patients with chronic gastritis. As far as patients with gastric cancer were concerned, one patient had stage I disease, four stage II, four stage III, and one stage IV disease. The non-neoplastic mucosa of these patients was examined as well. In nine of them, chronic atrophic gastritis was present, whereas superficial gastritis was found in only one.
As shown in the Figure, there was a significant and stepwise increase in (3H) methyl group incorporation into DNA over the range extending from normal mucosa, to superficial gastritis and chronic atrophic gastritis (ANOVA, p=0 0002). However, no differences were found between the degree of DNA entiation. Hypomethylation of DNA tended to increase with aging (r=-025; p=0 14) and DNA from samples of female patients was more hypomethylated but not significantly so (p=0.07).
Discussion
Colorectal and gastric carcinogenesis are two distinct processes in the sense that in the first there is evidence that there is a field defect of the whole colonic mucosa that renders it more susceptible to neoplastic transformation. In the stomach only the mucosa undergoing atrophy and metaplastic changes is at increased risk. None the less, in both models of tumorigenesis, the mucosa undergoes a series of sequential changes before malignant transformation takes place. Thus, in this respect and similarly to what has been found in colorectal carcinogenesis, global DNA hypomethylation seems to occur early in the sequence of events that have been postulated to precede the development of intestinal type of gastric carcinoma. Our data show a graduated increase from normal mucosa, to superficial, and to atrophic gastritis, but there was no further increase in DNA hypomethylation in samples taken from patients with gastric carcinoma. In the colon, Feinberg et a12 also showed a significant reduction in 5-methylcytosine content in colonic adenomas and adenocarcinomas compared with normal, paired matched mucosa, but no differences existed between benign and malignant neoplasms. By contrast, in cervical dysplasia and carcinoma, Kim and colleagues have shown that global DNA hypomethylation occurs only in the later stages of carcinogenesis (in high grade squamous intraepithelial lesions and invasive squamous cancer). 24 Further supporting the hypothesis that DNA hypomethylation may be a significant event in gastric carcinogenesis, we found that the extent of DNA hypomethylation increased with degree of atrophy and, more importantly, DNA 
